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(54) Method for reducing the hydrogen sensitivity of optical fibers at 1380nm-1410nm 



(57) A method for reducing the hydrogen aging loss 
of silica optical fibers by irreversible reaction of the per- 
oxide defects with deuterium is described. 

This method comprises the step of contacting the 
optical fiber with deuterium by exposure to a gas mixture 
containing deuterium at a temperature compatible with 
the fiber without exposing the fiber to any further activa- 
tion, and subsequently the step of degassing the fiber 
in a neutral atmosphere. 

The invention relates further a process of producing 
optical fibers with low hydrogen aging loss wherein an 
optical fiber is treated using the method for reducing the 



hydrogen aging loss. Finally, the invention relates to op- 
tical fibers with low hydrogen aging loss obtainable by 
this process and telecommunication cables produced 
using these optical fibers. 

Using the new method, an activation step using in- 
tense light and/orelevatedtemperature is notnecessary 
to achieve the reaction of peroxide defects in silica with 
deuterium. The process according to the invention al- 
lows reaction at temperatures such as the ambient tem- 
perature without any further activation. 



CL 
LU 



Printed by Jouve, 75001 PAHIS (FR) 



EP1 182 176 Al 



Description 

[0001] The invention relates to optical fibers, and 
more specifically to long term stability in the transmis- 
sion properties at 1380-1400 nm of optical fibers used 
in telecommunication cables. 

[0002] Optical telecommunication is usually conduct- 
ed with infrared light in the wavelength ranges of 
0.8-0.9jim or 1 .3-1 .6 ^m. These wavelengths are suffi- 
ciently generated by LEDs, laser diodes and suffer least 
attenuation in the fibers. 

[0003] A problem associated with operating fibers in 
this transmission window is the fact that absorption 
bands occur in this wavelength region. These absorp- 
tion bands are in particular due to the presence of OH 
groups. 

[0004] It was suggested to use highly pure silica with 
a low hydroxyl content to produce the optical fiber. Op- 
tical fibers contain nowadays typically less than 0 1 ppm 
OH. 

[0005] However, it has been observed that even fibers 
of very low hydroxyl silica, when exposed to hydrogen 
at ambient temperature show an increase in attenuation 
in the transmission window of 1 .3-1 .6 ujn, and in partic- 
ular at 1380-1400 nm. This increase of attenuation with 
time due to the presence of hydrogen is often referred 
to "hydrogen aging loss". 

[0006] While diffusion of molecular hydrogen into the 
fiber also creates absorption bands, the corresponding 
loss is not permanent and may be removed by degas- 
sing. 

[0007] However, diffusion of molecular hydrogen also 
leads to irreversible reactions. This type of loss is re- 
ferred to as permanent. 

[0008] The hydrogen diffusion is observed even 
through the fiber cladding, and once the fibers are bun- 
dled into telecommunication cables. It is already ob- 
served upon exposure during some days to 0.01 atmos- 
pheres of hydrogen at ambient temperature. The incre- 
ment of attenuation due to permanent hydrogen aging 
loss may be evaluated to 0.02 to 0.12 dB/km at 1383 
nm. Exposure to such traces of hydrogen is difficult to 
avoid. One source of hydrogen may be corrosion phe- 
nomena due to the presence of dissimijar metals and 
moisture in the cable. Also, hydrogen is believed to be 
produced by some types of silicone upon heating. Op- 
tical fibers exposed to seawater and air in particular un- 
dergo a large increase of the attenuation with time. The 
permanent hydrogen aging loss is therefore highly un- 
desirable because it strongly affects the fiber transmis- 
sion properties Ensuring low attenuation and temporal 
attenuation stability across the spectral range requires 
therefore mastering the permanent effects of hydrogen 
diffusion into the optical fiber. 

[0009] In order to reduce the loss due to OH absorp- 
tion bands, it has been proposed in different publications 
to treat the optical fibers with deuterium in order to re- 
place the hydrogen of OH groups by deuterium either at 



high temperature or by irradiation. 
[0010] Isotope exchange between hydrogen and deu- 
terium is reported either at high temperature (above 
400°C) or by irradiation [B. Kumar, "Isotope exchange 
5 reactions in vitreous silica", Physics and chemistry of 
glasses Vol. 26 N°6 (1985), 213-216]. During this reac- 
tion, the hydrogen of an OH group is replaced by a deu- 
terium. The organic polymers used for the coating of op- 
tical fibers do however not in general withstand temper- 
10 atures necessary for such a reaction. The high temper- 
ature process is therefore not usable for reducing the 
hydrogen aging loss in optical fibers. 
[0011] U.S. Patent 4,515,612 to Burrus describes a 
method wherein a thermally induced hydrogen/deuteri- 
15 urn exchange is carried out on the optical fiber preform. 
However, this approach does not prevent attenuation 
loss due to hydrogen diffusion at a later stage and does 
thus not ensure reliability during service life time. 
[0012] U.S. Patent 4,685,945 to Freund describes a 
2° method of reacting peroxide linkages existing in the fiber 
with molecular deuterium (D 2 ) at temperature compati- 
ble with the fiber. It is proposed to let the fiber be per- 
meated by the deuterium at a temperature close to the 
temperature where increased loss or degradation oc- 
25 curs. Simultaneously or subsequently, the reaction with 
deuterium is stimulated through a light activation step 
with intense light. The low hydroxyl silica available at 
that time had a notably larger OH content.. 
[0013] Recently, a new hydrogen aging mechanism 
30 has been evidenced ["New hydrogen aging loss mech- 
anism inthe 1400nm window", K.H.Chang, D.Kalish and 
M.LPearsali, Proceedings OFC 1 999]. This mechanism 
involves very reactive defects, a limited number of which 
exist in an optical fiber. Some of these defects are be- 
35 lieved to correspond to peroxide defects, i.e. a deviation 
in the glass structure due to the insertion of an oxygen 
atom between a Si-O-Si bond but other defects may be 
involved in the mechanism These defects may react 
with molecular hydrogen to yield additional OH groups 
40 not present before in the material. Such a mechanism 
explains the observation of hydroxyl groups in a virtually 
hydroxyl free silica upon short exposure to hydrogen. 
Such a process creates new OH groups in the material 
and has detrimental effects on the attenuation, notably 
^5 because it gives rise to an increase of the SiOH peak, 
situated at 1383 nm. The reaction is irreversible ; while 
further exposure to hydrogen does not lead to further 
reaction, heating the fiber may not reverse the reaction. 
The reaction is further fast. A step like increase in atten- 
50 uation is noted when a fiber is exposed to partial pres- 
sures of hydrogen such as 1 % for time periods of a few 
days in ambient conditions. The magnitude and time of 
onset are highly dependent on the nature of the fiber 
chosen. The article of K.H.Chang, D.Kalish and M.L 
55 Pearsall discloses this aging mechanism but does not 
provide any practical suggestion as how to reduce hy- 
drogen aging loss of optical fibers. 
[0014] The invention addresses the problem of hydro- 
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gen aging loss of optica! fibers. 
More specifically, the invention provides a method for 
reducing the hydrogen aging loss of an optical fiber com- 
prising the step of contacting the optical fiber with deu- 
terium by exposure to a gas mixture containing deuteri- 
um at a temperature compatible with the fiber without 
exposing the fiber to any further activation, and the step 
of degassing the fiber in a neutral atmosphere. 
[001 5] According to a preferred embodiment, the gas 
mixture comprises 0.01 to 100%, preferably 0.5 to 2% 
of deuterium. 

[0016] Preferably, the gas mixture further comprises 
nitrogen. 

[001 7] According to a preferred embodiment, the op- 
tical fiber is contacted with the gas mixture during a time 
period of 1 day to 2 weeks, preferably 3 to 1 0 days. The 
temperature of the reaction is preferably up to 85°C, 
more preferably from 20 to 40°C. 
[0018] It is particularly advantageous to carry out the 
degassing of the reacted optical fiber by maintaining it 
in air or nitrogen. Preferably, the reacted optical fiber is 
degassed during a time period of 1 to 3 weeks. 
[0019] It has been found advantageous to carry out 
the reaction in a sealable vessel. It is particularly useful 
if the gas mixture is subsequently recovered from the 
reaction vessel. 

[0020] The invention also provides an optical fiber 
treated by the method according to the invention. 
[0021] Finally, the invention provides a telecommuni- 
cation cable comprising such an optical fiber with low 
hydrogen aging loss. 

[0022] The invention thus provides a simple method 
to reduce the hydrogen sensitivity of optical fibers at low 
cost. It also provides an optical fiber with reduced hy- 
drogen aging loss and enhanced attenuation stability 
throughout the service life time. It finally provides tele- 
communication cables containing these fibers which are 
highly reliable even in difficult environmental conditions. 
[0023] A process according to the invention will be de- 
scribed in more detail, in reference to a preferred em- 
bodiment. 

[0024] The invention is based on the idea that in order 
to saturate these reactive sites, ft is not necessary to 
provide any particular activation, but that this reaction 
takes place even at ambient temperature. 
[0025] During the process according to the invention, 
and in contrast with the process described in 
US4,685,945, no isotope exchange reaction is believed 
to take place. This is consistent with the fact that no 
Si-OH defect initial peak absorption decrease occurs 
during the treatment. Indeed, the method according to 
the invention is conducted at temperature close to the 
ambient, and without providing any further energy, 
whereas the process according to US4,685,945 pro- 
vides much more energetic conditions and does not ex- 
clude other reactions to some extent. 
[0026] The method according to the invention com- 
prises a first step, wherein the fiber is exposed to a gas 



mixture containing deuterium. After a time period suffi- 
cient for permeation of deuterium through the entire fib- 
er the fiber is recovered and left in a neutral atmosphere 
such as air or nitrogen during another time period for 
5 degassing. 

[0027] Both steps may be conducted at a temperature 
compatible with the components of the fiber, such as the 
organic coating material. It is particularly convenient and 
an advantage of this method that they may be carried 
*o out at ambient temperature 

[0028] Thereby, the reactive defects are transformed 
into OD groups. The reactive sites are thus blocked for 
further reaction with hydrogen. Because the reaction is 
irreversible, formation of OH groups may be avoided 
15 even on further exposure to hydrogen. 

[0029] This allows a maximum process output yield of 
fibers having a stable attenuation, even upon later ex- 
posure to hydrogen. 

[0030] During the process, the fibers may remain on 
20 standard shipping spools. No preliminary treatment of 
the fibers is necessary. 

[0031] Deuterium being very costly, it is preferred that 
deuterium be diluted in an inert gas such as nitrogen or 
argon. A preferred gas mixture comprises 0.01 to 1 00% 
25 of deuterium . Most preferred is a mixture containing 0 5 
to 2% of deuterium. 

Nitrogen is preferably used as inert gas. The most pre- 
ferred gas mixture of 1 % deuterium and 99% of nitrogen. 
[0032] The fibers are introduced along with a gas mix- 
so ture containing deuterium in a reaction vessel. The re- 
action is preferably carried out in a sealable container 
such as an autoclave. This allows the recovery of the 
deuterium gas mixture. 

[0033] The reaction may be conducted at a tempera- 
35 ture compatible with the components of the fiber. A pre- 
ferred temperature range is up to 85°C, most preferably 
from 20 to 40° C. 

[0034] A convenient way to carry out the reaction is 
to work under normal pressure. However, it is also pos- 
40 sible to pressurize the closed vessel with the gas mix- 
ture. 

[0035] The fibers are maintained in the deuterium 
containing gas mixture during a time period sufficient for 
the permeation of the fiber with deuterium present in the 
^5 gas mixture and its reaction. This time period depends 
among other factors on the deuterium content of the gas 
mixture and the temperature. Preferred is a time period 
of between 1 day to 2 weeks, most preferred being a 
time period of 3 to 1 0 days . 
50 [0036] After completion of the reaction and before 
shipping, the optical fiber is extracted and maintained in 
a neutral atmosphere, such as nitrogen or air, for degas- 
sing. During this step, the excess deuterium present 
throughout the fiber, which equally gives rise to absorp- 
55 tion bands, is evacuated. 

[0037] A preferred time period for the degassing step 
is 1 to 3 weeks, 2 weeks being particularly preferred. 
During this time period, the fibers are not exposed to 
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light of high intensily. 

[0038] The optical fiber thus obtained will show a 

\TT SenSi,,Vity ,0 hydr °9 en a 9 j "9 I***- 
0039] Indeed, the defect sites, which in presence of 

traces of hydrogen give rise to the formation of Si-OH 
are irreversibly reacted in Si-OD. The absorption band 
of the Si-OD vibration is shifted to 1.85pm compared 
with the absorption band of Si-OH at 1 .39um Therefore 
the absorption band of the O-D vibration is outside a par- 
ticularly interesting transmission window situated 
around 1385 nm and does not affect attenuation in the 
1300nm-1600nm window. 

[0040] A low hydroxyl fiber aging test is described in 
New hydrogen aging loss mechanism in the 1400nm 
wmdow", K.H.Chang, D.Kalish and M.L.Pearsall Pm 
ceedings OFC 1999. Therein, the optical fiber ex- 
posed to 0.01 atmosphere hydrogen for four days and 
the change in loss at 1385nm is monitored 
[0041] optical fibers with an initial absorption peak at 
1 385 nm below 0.350 dB/km produced according to the 
invention successfully passed the low hydroxyl fiber ag- 
ing test f e. loss at 1 385nm did not change after expos- 
ing the fiber to hydrogen for four days 
[0042] Optical fibers with low hydrogen aging loss 
thus produced may then be bundled to telecommunica- 
tion cables, which meet the standards with regard to re- 
liability in presence of hydrogen. 
[0043] Themethodaccordingtotheinvention isasim- 
ple process that allows producing fibers at low cost with 
reduced hydrogen aging loss, which are compatible with 
the mdustrial standards for this type of optical fibers 



6. The method according to any of claims 1 to 5 
wherein the reacted optical fiber is degassed b V 
maintaining it in air or nitrogen. " 

7. The method according to any of claims 1 to 6 
wherein the reacted optical fiber is degassed during 
a time period of 1 to 3 weeks. 



8. 



to 



The method according to any of claims 1 to 7 
ve^T reaCt ' 0n iS ' Carri6d ° U ' in 3 Sealable 
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9. The method according to claim 8, wherein the gas 
mixture is subsequently recovered from the reac- 
tion vessel. 

10. Optical fiber treated by the method according to 
claims 1 to 9. a 

11. Telecommunication cable comprising an optical fib- 
er with low hydrogen aging loss according to claim 
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Claims 

1. A method for reducing the hydrogen aging loss of 
an opt.cal fiber, comprising the step of contacting 
the optical fiber with deuterium by exposure to a gas 
mixture containing deuterium at a temperature 
compatible with the fiber without exposing the fiber 
to any further activation, and the step of degassing 
the fiber in a neutral atmosphere. 

2. The method according to claim 1 , wherein gas mix- 
ture comprises 0.01 to 100%, preferably 0 5 to 2% 
of deuterium. 

J. The method according to claim 1 or 2, wherein the 
gas mixture further comprises nitrogen. 

I. The method according to any of claims 1 to 3 
wherein the optical fiber is contacted with the gas 
mixture during a time period of 1 day to 2 weeks 
preferably 3 to 10 days. ' 

• The method according to any of claims 1 to 4 
wherem the temperature of the reaction is up to 
85°C, preferably from 20 to 40°C. 
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